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AllS’J’ll ACJ’

‘1’]Ie JI’1, airbmmc syl)tl]etic. al)el t~lrc  IiIdaI  (All{ SA}{) i s  a quadl)c)l  systcln  o~,-
eratillg  at threw frcqucncics, wllicll II ICaSUrCS tile C.olll])lcte  stokes Inatrix of scattclil)g
t a r g e t s  and hcmce thcil” ]mlarixatioll  sigl~ature. ‘1’IIc IIig;ll  rcduticm of  AII{SAI{, i~l
ildditi O1l to its ability to pcmctrate  cloud allcl slnokc Cc)ver, make it tllc: rcnllot~  sm]sing
illstrulllmlt  of chc)icc  fc)r use olrel a valiety  of scellcs, rallgillg; frc)lll  bam soil surfaces
to tlo])ical forests. 1]] this \\~olli,  a clcscri])tio]l  of tlie AI I{SAI{ systenl  dlaractcristics
a)]cl I)tiralncters  will be givml, fc)llc)~vcd  by all illtroductic)ll to tllc IIlost rcxnlt advalIc-c-
lncllts  ill tllc illtcl])let:itjic)ll  of S.41/ d a t a  fol’ ccc)logical  a])d ]~]lysiological  a])l)lic.:itic)l)
a]]cl  qualltitlativc cXtilllatioll  of scattelillg  sce]le ])aramct,crs.

‘1’IIc usc of synthetic apert~lrc  raclar (SA1{) ill Imllote scllsillg  })as gailld  si!;llificarlt
attelltic)l)  rcccmtly cllle  tc) its flexibility c>f clata ~icquisitic)ll  alici  t}~c wealtl~  of i]]fc>rlnatic~l)
])rovidc!c].  SAI{ utilizes  active  Inicrmvave i]]~llnillatic)l)  w]lidl ]mlciratcs  c.]otld aIId

Sll”lokc! Cc)vc!r, in c.c)ntrast  to otllcr  illstrulncllts SUCII as  opt ica l  and  infrared dcvic.cs,
thus Illaliillg it pc)ssiblc  to st[ldy  all{] ll~ollitc)l  sc.m]es rallgillg frc~ln aricl sc)il surfacm to
dcmsc tropical raillforcxts  amu]]cl tllc glob illdel)mldcl]t of seasoxlal  c.hallgcs,  wmtllm
collditio]ls, allci  geogra~~llical  lc)c. iitio)ls. l“[l](l)er]llo]c, if tllc Illcasurclncllts  alc dc)llc
ill a pcdarimdric  fashic)ll, i t  lJiay be ])c)ssil)lc  to o b t a i n  II IC)IC  detaild illforll)atioll
abc)ut  scattrmillg  all(l stnlc. tural ~)rol)e.l{ics  {If tllc g;lo[]]ld  talgets  viz~ tllccnctical  models
(llurdml et al, 1988, Cilllar  c.t a l . ,  199?,  l)ol)soIl  ct al., 1992, IIc5s ct al,, 1990, SUII ct
al., 19s8).

liccc]lt tccllllc)logica]  aclva]lccs  l]a~’c  ])CI lllittcd  tile usc o f  ]Jolarill]ctly  ill Iadar
illlagil]g  systmns.  OIIC SUC1l systclll  i s  tile N.ASA/Jl’1,  ailborl~~  sylltl]ctic  zi]~eltulc
radar (A IIi SAli), wllidl  uscs a I) C-8 aircraft ])latfmlll. TIIC AIltSAlt qmatcs at C,
1)-, and l’-ballds  (5.6 Clll, -9 4  cnl, and 68 CI]l wti~~elc]lgt.lls,  rml)cctivdy)  wit}] a 20 MIIz
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or 40 MH7J bandwiclth.  It xneasurcx  fc)ur tlallsl]lit-xeccive  l)olarizatioll  c.cnnbillatiolls,
wllicll  yield tile full Stokm Inatrix of scat, tmillg  cells a]]d llcv]cc tllc full ]Jolalizatioll
signature  of the Icnllotc! tal’@,S. 1“01 ally tlallslllit  ])olarizatiollof  tllcclcctrolllagllctic
fidd, the rcmivcd signal, or tile scattcmc] ficlcl, is in g;cvlcra]  a vcxtcn  qual]tity  a]lcl  pcH
sesscs agcllmal  ]Jolarizatic)ll  that can bc clcsclil)ccl as a ccjllll~illatic)llc)f two orthogclllal.
])c)larizatiolls (for a plallcwavc). HcIIcc,  l.)yll)akil)g  ll]cz~sLllc:llcl  ltsoft\voi  tlclC]]cllclcl]t
rcccive ]jc)larizatiolls fcm eadl  trallsmittccl  signal,  it is pc)ssiblc  tc> cIc%IIC  tile sc.attcrcd
fielcl  colll~~letdy  for any point  ill space  wllcre tllc Iilcasurcnnalts  arc takml. F;lcxtrq-
II]aglldic  scattcv’ilg  moclds  relate tllc dmtrical  ~)aralnders of c)bjcxts  tc) tllc full vcctol
tralls~nittecl  a.llcl  xcceivecl  fidcls, lICIIC.C SUC.11  ])cdarilnc%ric kllowl~clgc  is ]lcc,cssary tc) illfcl
var ious  scattming  pI oputicx+  c)f the rcl]lotc taxp;cts whic]l callllot  bc c)btaillcc] tllrc)u~;ll
sillglc  ])olarizatioxl chamc.1 lneasurclllcvlts.

‘J’}Jc J]’], AI I{ SAIi,  t]lougll bcillg cc)lltilluollsly  ilnl)rovcxl  allcl o])tixnizecl, is IIC)W ill
all c)])cnatiollal  state. ‘.’I]c llardwarc, calibratic)ll ])roccclures, clata stoxagc tec.lllliclucs,
and  processing; algorithms arc fully clcvdc)~)ccl  ancl stall  claxclizccl  tc~ a large  clcgrec.
‘J’}]c currmlt  cllallcll~c,  lic)wcwer, i s  ill Llic area  of intcnl)retillg  tl~c clata al~cl a~)~~lyillg
t]~c ~Csu]ts in rdatcc]  scimltific  fields  SUCII as ccolc)gy  allcl gcc)pl~ysics,  AIIIOIIg  SUC}I

a])l)licatic)ns  arc class iflcaticm of vcgctatic)~l F;rowtll allc{ la)~cl use, gcllcration  c)f surface
clwaticnl  n)al)s , allcl quantitative clcc.tlc)lll:{gll(:tic.  il)vcmicn~ to c)btaill  s~xciflc scattering
ill fonllaticm  abc)ut  various sc.mlcm.

11] this wc)]k, a blicf xcwicw c)f cc)llcc])ts of SA 1{ will Lc givcl),  followed by SOIIIC
sl)cxiflcs c)f t,llc J]’], AI1{SAIi  SyStCIII. SolIIe clllrcllt  alicl  }Jote]ltia]  a])])licatic)lls  c)f tllc
SAli  data will t])cu) be clisc.llssccl.  I)uc  to s])acc lil~litatic)ll,  oIIly a slnall list c)f rcfcrm~c.cs
call bc plw’idcd. F’or J]lCH’C  illfc)rlllatic)ll,  tl)e ] caclcr is cltcouragcx]  to rcfcx to Zel)kcr
WI(I Val] 7Jyl  (1991 ) atld Mc)ghacldaln  (1993a).

SAI{ SYSg’I’;M 1)1’;SIGN

l’c)larimetric l.~ata Acquisition

k
‘1’l]c ]mscmt  A. ~Al~ c~esi~;ll  is based  c,,) tl](: J] ’I, CV-990, wllicll servccl as tile ~)ro-

toty])c  polarilnctrlc  radar operating at 1,- ballcl  only (Zcbkc~r m]cl va]] Zyl, 1991, [Jlaby
a]lcl F2acJii,  1990). ‘J’hc racial  altcmlativc]y  tral)slllits  vertical (V) allcl horizc)lltal  (11)
lillcarly  polaximcl  waves, allci sillllllt[illec)~lsly I cwivcs  bc)t,ll  ])olarizatiolls,  IICHICC Illca-
su]il]$;  tl]c four  clclncqlts  c)f tile scattcril]g  Il)atlix. A block cliagrall~ of this systcvl) is
givcl)  ill l“igurc 1. ‘1’llc adjacwlt  V al)cl 11 trallslnit  I)UISCS  alc sc.paratcd  I)y 0 . 5 1  IIIS

in till~c. Scwcral pulses  coll(;sl)c)llclillg  tc) tllc cliflkl cnt ])olariy,atic)ll  cc)llll.)ill:itiol)s  arc
Collcncllt]y  il)tCF;ratcd  tc) fc)rlll a sylltllctic.  a])mtule. ‘J’llc’ illtc’rs])m’scd pulses fol”lll four
sl)ati;il arIays  wllicll arc ])al Lially clecorclatcd sillcc they arc llot lncasurcd  sill]ulttillc-
ously. IIcnlc.e, CRC])  cc)llcs])c)l)clilig ])atcll c)f tllc l)rc)bc(l  surface  is  vicwccl at a slig}]tly
diffcml~t aliglc:. “1’llis gives rise to t}le  ‘LS])C!Clil(’” cflcct. ~’}lis  is a lnillc)l ~)roblell] for
tile All{ SAIi, as tile clistalicc  tlavclecl  by tl)c airclaft  ill tllc illtml)ulsc  l)crioc] is sl]lall
col]l])arccl  tc) t)le rcsolutioli  ccl] si7,c.
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l{dativc  ant] absolute calilJratioll  of tilt various c.l~allllels  ill a ]Jc)larilnctcn  is a
clucial  issue, cx])ccially  if tllc Il]casulullc]]ts  fire tc) bc usd ill qualltit, ativc  tl~mrctical

“1al]d -yscs. To illsurc  acmwatc  results, tl]e followillg  l]avc tc) h lJclforlllcd:  1 ) alltcm]a
l)attem c.orrcx-.ticm,  2 ) ]Jhasc calil,latio,], 3) cllaIIIlcl ilnl~alancw Ic’lnoval,  4) C1’OSS talk
I(:lncwal,  and  5) absolute alll])litlldc  caliblatioll, c~urrclltly,  Ca]ibratio!l targ;cts,  IlaIncly,
t,rilldral  Colllcr  rdlcc.tors  al’c del)loycd  a t  fli~,llt  sites t o  pcrforll]  tllc aljovc stcl)s.  ]f
tllc tsq~ograpl~y  d tl~e ilnag;d  zuca is kIIo\vII, it is also ]~ossiblc  to Icll]ove tile cff’cct ‘of
])ixcl llcigllts  ill tllc llorlnalizcd  ra(lar  lctllrll.

IIata l’roccssing

l’igurc  2 sllcnvs  tllc SAli  ])rcmssor  data flow (LJlal.jy  mld Flachi, 1990): l)ata arc
mad  fro]n higll-dmlsity  c]ip;ita]  tal)m t])at WC](>  writtc:ll during t]lc flip;llt,  ‘I’l Ic ccllcms
i~) tllc ran,gc (cross  track) clirmtic)l) am cmn] )Icssccl by a collvolutiml  wit}) a xanF;c
rcfcrmlc-.e ful~c.tion. “J’c) reduce  tllc storage  VO1lIIIIC, (l:ita Z1l’c  ]) IC’SUIIIIIICC1 by a factor o f
foul  and F’ouricx  tralwformcd  ill tile a7jiIllutll  (along track) dircctioll.  ‘1’llcl] a Ial]gc
i]ltcrl)olatio]l  is l)erfc~rlllecl  aloll?; tllc C1lIVCS {)f tllc Izillgc llist)ory for  targets  at Cac.11
dcsird  cmt])ut r[il]gc. All azimutl]  lefelcllcc  fllllctic)ll is lnulti~)lid  by tl~e  results  a]]cl
invum tr:illsforlncxl to ])roducc  tile fiIIal outl)ut  for cad]  of tllc cllanllcls  (LJlaLy ct a l . ,
198Ga). ~’l]c ~~o]nrilnctric  data arc stolcd  ill Stokes ]natlix folJllat,  Clcscribcxl  b e l o w .

St,okcs Matrix 11.c])].csc]ltatiol]

1“01 data storage cflicicllcy,  tile ll]easll]cd scattcrill?; lnatrix  clclncllts  fol cacll rcs-
o]lltioll Wll, Or ]jixcl,  al’C tl’allsfOl’llld  into  St OliCS  lllatrix  CICHnC1ltS  a]ld collq~)rcsd
ill SUC]J a way as to occupy Oll]y 10 Storq;[’  l)ytc’s. ‘~’~]c  Stc]kcx  ll)atl’ix  C]clnellts  arc
lilluir colnbillatiol)s  of crossprocluct,s of tllc foul scattcril]g  nlatrix  cle~ncl]ts,  lICIICC tllc
full ])olarillletric. scattering inforlllat,ioll  is l)ICSC] vccl  (ZCbkCr  a]~d will Zy], 1 99] ). “1’]lc
Illatrix  has 9 illdq)mlclcllt  clclnm~ts, cacll  a real llulllhcr. A qum~timticnl tcdlxlique  is
USC(1 suc]l that tl]c nillc real I]lllllljms  (36 Lytcs) CaIl hc cquivalclltly  stored ixl 1(I bytes,
sigllifical)tly  rccluci)lg  t,llc  large data VOILIIIIC (a tyl)ica]  SA]{ iIIlagc cc) IltaiIls 12?80  rallg,c

li]]cs, each 1024 l)ixcls  wide).

l’olarizato~l  Signatures

1<’10111 tile Stokes Illatrix  ~x)lalil:lctric  ] fl)l es(lltatio]l  of tllc IIIcasuIcd backscati  crcd
ficlcls,  it is ])ossil~lc  to C.ollstlllct  tllc “~)cJ12\li7:\tic)l]  sigllaturc” wllicll  is a ~;ra~)llical
Iq)msclltatioll  c)f tllc bcllavior  o f  tl]c lcc(’ivc>{l  l)OWC1 a s  a fullc.tioll  of l)c)larizatioll
])araII]etc]s,  IIaInc]y, clli]}ticity  aIIC[ olicllt,atiol]”  ;L]lr;lCS o f  tllc tlallsll]ittecl  signal.  All
cxalnl)lc is p;ivcll  ill 11’i?;urc  3 for tl]r si~;llatllrc  of a ])clfcctly  colld\lctillp;  dillcdla]  COJI]CI
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rdlcc.tor,  where,  e.g., it can bc scm] t]~at tllc I)ackscattcr  rctum is at a lllillilnuln  fol
Clli])tic.ity  mlgles  of 00 allcl oriclltaticul  alllg;cs  of 45° al]d 135°.

AI’1’I,ICATIONS AN]] IIA’J’A  lNrJ’l{;Ill’]t.]  ’;2’A~’10N

\4~it}l  tlleclevclol~IIlcllt  ofacll'allcecl  ])cJlalilllctricra  clarsystclllsil  lt}le1cccllt}~f  .rs,
IIImJy I]cw applicatic}l]s  have cwolvcd  wllicl] l)avc illl])rovecl or possess tllc potaltial  to
ilnprm’c our understanding of tl]c p;lol.ml cllvilolllllelit  a]ld its trellcls of c}]mgc.

Microwave frcclumlcics  arc capable of ])cv]ctratillg  cloud cover wllic.11  dcbilitat,’cs
Iclnotc  scmsi]lg instrumcvlts  o]matlillg  at o]~tica]  frcqum)cics. Signals at lc)\vcl.fleclllcll-
cics, suc]l as l>- banci,  may c.vcl]  pmlctratc  veg,etatioll  covers and the Ycturllcd  signals
]nay ccmtaill illformatioll  about the lower laycm of vegetation and tile grcmlld  ulIdm-
llcatll.  I’urthcmnorc,  tile avail al)ility  of full 1 Jolarill-lctric  mcasurmncvlts  ])xovidcs  f o r
]mssib]c  inference  of target electrical and structural properties. ‘1’llcse features lnake
tllc SAI{. tlic remote scllsing  i])stmlncllt of choice  c)ver such varied  sc.ellcs  as bare c)r
alicl soil surfaces, rods,  ap;ricultural  areas,  folcstccl  areas , sca surface, atlcl glac.icxs.

Classification

Iicscalcllcrsl l:i\’c used mal]~’ teclllliqucs  for clistillgllisllil]  gbct\vccll  various lalld-
usc types by utilizing statistical as \vcll as Sillll)lifid  scattc]illg II]c)dels  wllicll  relate
tllc laclar  backscattcr  tc) tllc ])ro]>ertics  of gro~llld targets. F’orexaml)le,  I-Jlaby  ct al.
(1 9861.,) nave used  statistical cll;\*2,ctclistics ],*cscI~t  il] lacla, ilk,ages  to rdzitc valial>il-
ity of raclar Lackscattcr  values to such sc.cllc l)lo])clties  as ‘(texture” (illtlillsic  S])atiiil
variability) as ol)pc)sccl  to ‘( fiddiljg” (s])mlilc).. ‘J’llcy llavc dcduccd  that textulc  illfc)l-
]Ilat,ioll  can bc llsccl to acllicvc IIigll  accllracy  classificatic)ll  l.)etwccll Ina IIy vegctatic)ll
ty]xx. AI) cxalnplc  of using  sill~]~lificd  scattcrillg  tllcorics for  classificatio]l  is tile 3-
cc)lll])ollel)t l]iocld  clcvdc)])cd  l)y F’ree]]]:i]l a]lcl 1 luldcxl  (1 992) and a si)llilar o]]c by will
Zyl (1989), Wl)icll  idmltifics tllc tllrcc  Inajor scattclillg  ])roccsses (surface, volll]l)c,  allcl
clc)llljlc-bc)llllcc), and dcpcmdillg CJI1 t,llc  c.c)lltlil)llti[)ll of Cacl) lnec.llallisln,  c.lassificw tllc
vc$;etlatioll  alld l?LIIcl-usc  ty]jc’ ill ally lc)catioll  Ivitlli]l all ilnage.

lntcrfcromctry

A]lother  hig;hly active allcl  ilnl)ortallt  al)l)licatioll of radar  is ]Imp])illg  sulfate  cl-
evaticnl by using  tecl]lliqucs  suc]l as illtclf{:lc)lllctly,  wllme two illlap;cs arc C.ol]structed
o f  a sc.el~c  by flyill~, t w o  s]):itially  sel)artitetl  al]t(:llllas  (F,va  IIs ct a], 1993).  ‘1’llc  l)l]asc
diffcmlce  bctwecll tllc two rccci~’cd sip;llals is col[)I)utcd  and relfitcx]  to llcigllt c)f cacll
il~l:~g;c I)ixcl. ]f tl)c lvzlvclcqlgtll  is s]llal] CIl[)llgll, [is ill C-l)tilld,  tllc Livo alltcllllas  call be
ll){)ulltd  011 tllc ail])lallc  a]lcl flc)wll  si]ll~llt{~l]c~f)~lsly,  as is done ill ‘l’ol)SAlt. l’o] largcx-
Wavcdcngt]ls  (1,- allci l)- ba]icls), it is l)ossible to l]lakc rcl)eat ])asses c)vcl tllc area to be
il]~agecl,  wllcre tile flight tracks arc scl)aratcxl lj}~ tl}c ~)ro]mr  alnoulit,  a]ld ale k]]owl]
with ])ro])cr accuracy.
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hfloclelling  ancl 1 nvcrsion

C)IIC of the ]naiIl currcllt  clIallcIIgcs ill tlualltitativc  iIltcr])IctatioIl  of SA1l. d a t a
is Ll]c dcwclol)mcllt  of mdllods  for inferring scattcui  Ilg ]mrwnc.tcrs  of grc)uIld targ;cts
f] oln ])olarjmctric  bacliscattcrillg;  lIlcfistllclIlcllts. ‘J’lIc:  lilIowlcclgc  of these qualltitjcs  is
t]lC kc!y to ullckmtaldill~  and lllOllitO1’il”lF;  t]lC }taI’t]l’S  CllViI’OllIl”lCllt  aIld lCSOUJ’CCS C)ll a
local aIId global scale.  These arc ])ropcrtics  SUC1l as soil moisture (cquivalcnltly,  dielec-
tric constant), vcgdatio]l  water colltmlt , Sul”facc I’cnlghllc!ss, txw dcIlsity mld llcigl}ts
ill folcsts, dielectric.  constant  of tree cc)m])oljcllts,  aIId caIIoI)y  clcnlsity. ~’hc I’aclax’
bacliscattcr  clata arc related to tllcsc l)armnctcrs  tllroug]l  clcctroxnagllctic  scattcriIlg
Indcls (SCC, for il)stancc,  Tsang et al., 1985). Scvelal  Such I1lC)CICIS  llavc  bccm dcvclc)pccl
and  tl~cir rcsdts using groullc{-tmtl~  lnrasurcl  I]mts  have bccvl  cmn~)arccl to radar data.
}{’or imstzmcc, fc)r forested  areas tllclc mist scvmal Inc)dcls alllolIg  wllicll arc the discrctc
sc.attcrcr  Inc)clcl wllicli  takes tllc folest  as collsisti))g of lloIizc)I]tal  layers of cylillclcls  to
sil Ilulatc  Lrallc.llcs  mld trunks, all(l a rough Slllfac.c to Illodcl  tllc fol’cst floor (1 ]UI’dCIl
cl :il., 1989 and  1 991). Ra(liativc  tral]sfcl tlIcwry has also bccII USCC1 iIl otllcr  Incdds
SIICII as h41h41C; S fro]n tl)c (Jllivelsity  of L4ichigan  ([JlaLy et al., 1990 b). A coIll])a.rise])
of tllc lmla Ii7ratioll  sigllatllrc  of a folcstcd  area calculated frc)ln tllc forlncr  Inodcl for
aII arm IICa I. h400scllcad  l,akel  h4aillc, a]ld tl]c a c t u a l  radar Illcasurcmcl]t is S}IOW!l in
]Ji?;urc! 4, w]]crc it is SCCII t]lat t]le  two si~;llaturcs arc ill g o o d  aF;l”cc!lncllt.

111 ])rillci])lc, it is ]wssible  to calclllatc  tllc scattmillg paralIlctc:rs  usccl in tl)c II-JC)Cl-
cls froln scattcrillg,  data. We  c a l l  t h i s  l)locess ‘{i]lvclsioll.  ” 11] l)racticc, llowcver, tllc
t}lcorctical Inodcls ]jrovc to bc too coIIl])lcx aIIcl  i])volvc  too II IaIly ]mIaInctcrs  tc) Le
fctisibly illvcrtcd. ‘1’lle lIIIIIIljcl of aiwil:il)lc d:ita  l)oint,s for caclI l)ixcl ill aII ilIlagc is
lIil  Ic (3 frequcnlcics  alId 3 indclmldcllt  l)olalizat  ioIls),  wllcIeas  tllc IIIIInbCI  of IIIIkIIC)\VIlS
is tyl)ic.ally  lnally tilncs IIIorc, ]icccntly,  alI a])]) Ioac}I lIas becl] l)rol)oscd for rcducillg
tl]c IILIIII1)CI of IIIlkIIowll l)alalIlctcvs  to l]lakc illvcrsio])  lmssiblc  (h40glladclam et a l . ,
1 9931)). ‘1’llc Inctl]od is based  c)l] l)crfcmllillg  a class jficatioll initially to idclltify  dollli-
nallt  scattering mccllallislns  ill cacl I area. ‘1’lIc scattering Inoclcl is tllcn reduced to t,l)at
c.olltail)il)g the colnl~oncnlt of tile dolllilla)lt  lllccllallisln, tlicveby lilniting  tllc Ilulnbcr
o f  ullkIIowus. 1+’or cxaIIll)lc, if tl]c scattcrill$ froln aII a rea  i s  idcIltificd as that  due
to a surfiiccl ol)ly ulIkllowlIs  dcscril)il]g;  tllc SUI face (diclcxtric  constant  ZJIICI mLlgl]IIcss
Illcmsul’cs)  Ilcd to be fomld.

OIICC tllc Scattc!I’ill/;  Il”lccllallisllls  al’c idclltifid,  tllc a])]~ropriatc ])aralllctcrizcd
II1OCIC1 caIl be used aloIlg ~vitll  all illvcrsioll  algolitllln  to ol)taill tllc uIIli IlowIIs. AssuIII -
illf; a ])alzilIlctcri7,c:cl  lnoclc]  for tllc given  situati[)ll  is at llaI~d  (I]olltrivia]),  an il}vcrsioll
b:tsccl olI lJOll]illC~X  Optilnizatio]l IJlust }jc pcrfornlcd. ‘1’llc  })rocess  is llollliIlcaI,  sillcc
tl)f! ullklJoWlls  and llleas~llc~I]lcllts  are ill gcllcI {I! Iclatcd  ill a I~oI~lixlcal  fashion.  “1’lIc
iIlvcrsc l)roljlem calI Ijc stated a s  tlIc ])]ol)lc]I]  {,f fi]ldill~; tile LIIIkIIOW~IIS  suclJ  t h a t  tllc
IJlodd l)rcdictiolls  and l’ada I’ lI)ciis[l  I’cl Il(’llts ?I1’c “CIOSC!.  ” l)~l)otil]g t]lc ullklIowlIS aS CIC-

Illc]]ts of tlic vector  X, tllc )Io)lli]]cwr  lIlodcl  as .f,{~  ZJIICI tllc II]casurccl data as d,,,C~S,  tl]e
illvcrsc ])rol.)lcvn  is cqllivalcl)tly slatccl as fil)(lill~,  X sIlcl  I tl}at a least,-sqllarcs II Icasu Ic

‘I’ 3 Pa:c 5



I,(X) give]] by

,{
L ( x )  =- ; Ilf,,l(x) - d?,,ros 112 -1 ]/x ‘ &l)/12

}
i s  Illillimizccl.  IIcrc,  Xdp is aII a l)riori cstil  Ilatc of X , wllicll c.cmlcl  Lc arbitrarily
diiTcrcxlt  froll-l tllc true solutiml  for X. OIIc.c tllc lJIC)l)CI stochastic ]~ro])ertics  of tllc
uIIk IIowIIs aIIcl mcmurcmmlts  are takcu  into accollllt,  t$llc almvc o~)ti~llizatim~ ])mblml~
caIl bc solvd via it,crative  tcclllliqucs (h40glIadclaIIl,  1 9931)).

AI ILSAI LAS l’It02’0~’Yl’l’;  1’01{  SI’ACIIIIOI{NI’;  SYS’I’F:MS

‘J’lIc airbcmlc  I,- slid GlmIId S.41t lmvc scrvd as tllc p r o t o t y p e s  fcw tllc s]mcc-
bomc  SA1t, SIR-~ /X- SAlt, sc.lIcduled to fly ill A]~lil aIId Aug;ust  of 1994 (F;vaIIs et
al., 1993).  The IIlissioll  is a collaboratic)]l  bctwem  NA SA , tllc ~; CI’lllEHl Space  AgcIIcy,
aIICl the ltalia.Ii  Space .4gcmcy, allcl  is a coIltilluatioll  of NT ASA’S spaccbor  Ilc iIl~agil~g
radar (SIR) ]JIogralll witl}l Scmsat (1978), S1l<-A (1981 ), aIld Slli-l\  (1984) as its ])Ie-
decmsors.  S1li-~/X-  SAli  will lIavc full ]mlarilllctric  capabilities and cqui])])cd with I,-,
G, aIId X-ballcls. lt will ])mvidc global covcragc OII a ral)id telll~)c)ral  scale, aIld will
illlag;c  at IIlulti])le  as])ect aIIcl il]cidmlcc  aliglcs. ‘J’lIc  cal]-)])aigll  will ])rcwidc valuable
data for usc ill algoritllllls  (such as that desclil)cd  above )  tc) obtaiIl  kcy gcopl]ysic.al
])lOdUCtS  tO StUdy F;lObd ChElll~C. ‘J’lIc rmcmcll  topics will i]lclllde tllc global  caIlmII
cycle, ]Jalcoclimatc  al)d geologic  ]JIOCCSSCS, occali  circulatiml,  air-sea iIltcuactioIls,  and
advmlc.ccl tcc.hllology. ‘J’o a.ddIcss tl]csc issues, csscu)tial ill almwcril)g critical cl)viroll-
lIlcvltal problems, scvmal  supclsi~wi  ]Iavc l)CCII cl]osm]  a]c)ulld  tllc world.

‘J’IIc SAlt  tol)c)gral~l)ic  illtelfclolllctcl  (rJIOl’SAll)  has also ])rovidcd a ]Jlototyl)c  fol
tl]c sl)accboYIle  system  ‘J’01’S.4’J’. NASA lIas IJCLCI1 studyil}~ ol)tiolls fol. rcaliz,atio]l  of
a S])a CCbOI’ll C! Sty StCIIl LO ])l’Odll CC! accul’atc  ~;lol):il  tol)ogral)llical  IIIa~)s t]lrollg;ll  lIlissioIls
Sllcll as Scasat,  Slli-A, S i l l - 1 1 ,  al]d .411t SAlt,  aIld wi l l  usc S11/-(; ill a rcl)cat, l)ass
SC] ICI IIC. Scvmal il)l])l(~lllcllt:itic)ll  ])ossil)ilitics a] (, culrclltly  UIICIC,I c.ollsidcratioll, ‘J’l Ic
])u]])osc of Such missiol) is to obtai]) a colll])letc  aIId ulliforlIl IIi!;ll  rcsolutioIl  ll-Ial) o f
lIcwrly 90°/0 of tl)c Flaltll’s  laIId l]lass lvitll llifl,l]  s])atiiil  resolution and  IIigll vclticd
ac. cllr?lcy. A s  SUC]I, t]lc systclll  tvi]] illclcasc  Lol)og]al)]lic  kIIow]cdgc! by 1 to ~ o r d e r s
of j~)agllitudc over cxistillg  ciata base, (;lolml co~ma$;e  will t)e ])xovidcd  over a ]miod
of six I~lollths. 111 addition  to t))c h;artll’s tol)op;la])}]y,”  it Illay })c ]jossible  to obtaiIl
vcgctatioIl  llcigllt Illaps a]ld surface IOIIf  I;lIIICSS II IapS for global cl IaIlgc studies.

SA1t is all iIldispcllsablc  too] for llliil)l)illg  aIId lllol!itoriIIF;  tllc Fkwtl)’s m.ourccs
aIId cllvirc)llmmlt  011 a local aIId ~~lc)l);il  scale. It l)mvidcs a l]lcal]s of acquirill,g rclllotely
sm]sml  data c.ollll)lclllclltz~ly  to t!]osc ol)taill($(l  l)y visiljlc, Ilcar ill fxarcd, and tllcrlna]
il]fral’cd ])c)rtiollS  of tllc l’;l(!ctlc~lll{~gllctic  s])cctllllll. ‘J’rcl~l)C)]OF;ic2il advallccx ]Iavc  IIIZLCIC
])olilrilnctric SAIL  all o])cratiolla] a]](l l(lial)lc i]lstx~llllcllt , and a(lwlc.  (d ])loccssi IIF;
al]d calibxatiol] alg;oxitlllns arc no~v stali(lar(liz(,(l to rea(lily ])lovidc  scattcrill:; data
usdul  ill scimltific cc)llll)lltatic)lls. ‘1’llc CLIIICI~t  clIallcI~gcs ill tl~is area  am (lrvisill~,



IJCW a p p l i c a t i o n s  and ncw algoritlllns  for ixltcrl)retatioxl of SAI{. data, alno]lg wllicll
illvcmioll for geophysical paralnctcn  is ]mIIIa~m  the ll~ost cssclltial  for global  dmlgc
studies. ‘1’l]c Lccllllc)log;y  a])d analysis tcmls fox tllc ailboll~c systcll~ llavc scrvccl as tllc
cvcdutiolmry  prCdCCCSsO1’s  of the s]mcc!boll)c illstrull~c~lts  SUCII as SII1-C/X-SA1t  aIId
‘1’01’SA’I’.

‘1’hc work dcscribcd  l~crc was ])crformccl t)y tllc Jet Propulsioll  l,abc)ratory,  ~z~l-
iforl~ia  Illstitutc  o f  q.’cc.ll]]olc)gy,  Lllldel’ a co]ltrac.t  frc)lll  tl~c Natio~ld  Acrollautics  allcl
Space Aclll~illist)atioll.
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LREAD DATA
FROM HDDT

RANGE COMPRESS

PRESUM BY 4

LE&--_l
L_–––––INTERPC)LATION

r - -

MULTIPLY BY
AZIMUTH FUNCTION

1

I INVERSE

l-!vu---TRANSFORM

1~’igum  2. SA1{ }nocessor  clata flow diqy~]ll.

I“igm-c 3. Polarizaticnl  signature of a ~J,urfcctly
Ccmducting  clihcdra]  COI1lC1  l’dlCCt C)I’.
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